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Abstract—Flow around a circular cylinder in laboratory scale 
is simulated by coastal model TELEMAC3D. The aim of this 
paper is to investigate the performance and accuracy of 
TELEMAC3D, hydrostatic mode, at laboratory scale. The 
model is tested on both smooth bed and rough bed conditions. 
The turbulence characteristics are modelled using Large Eddy 
Simulation and the Smagorinsky sub-grid scale model. The 
model results, including velocity profiles and the Strouhal 
number are compared with experimental data. Three different 
mesh sizes are used in these tests. According to the comparison, 
the finest mesh gives a better agreement of the model exhibiting 
the right trend in the wake part, comparing to the 
experimental data. 
I. INTRODUCTION 
With the repaid expansion of offshore wind farm 
industry, it has become important to the coastal engineers to 
be able to predict the impact of array of monopiles on 
offshore waves, tides and sediment transport. Traditionally, 
due to the small diameter of the single monopile (~5-10m) 
comparing with the mesh size in the coastal engineering 
model (~100m), these cylinder-like structures are treated as 
sub-grid features and represented simply as enhanced 
roughness. In recent years, benefiting from the increase of 
computing power, access to High End machines and flexible 
mesh system, the computational resolution in these coastal 
models has demonstrated that it is able to account for the 
cylinders, which means that is it possible to represent the 
offshore turbine foundations directly. The present study 
therefore aims at exploring the potential of an existing 
coastal model system, TELEMAC3D to simulate the flow 
around a single cylinder with various settings, in its 
hydrostatic mode.   
In the last decade, many successful studies have been 
carried out using CFD models to simulate flow around 
cylinders at laboratory scale. Roulund et al. [1], for instance 
numerically simulated a flow around a circular pile at 
laboratory scale, using EllipSys3d. Their results were fairly 
good in comparison to experimental data. However 
application of coastal and ocean models at laboratory scale is 
still limited. Apart from the difficulty of resolving 
hydrodynamics around structures, accurately modeling 
turbulence with these coastal models is also often proven to 
be questionable. Therefore the accuracy of the coastal model 
in the simulation of such complex flow condition is always 
one of the main users’ focuses. 
TELEMAC [2, 3], as an efficient hydrodynamics suite, 
has been widely used in coastal engineering community. In 
the author’s previous work to be published in [4], the flow 
around offshore wind farms was simulated using 
TELEMAC3D with the Large-Eddy Simulation (LES) 
closure. The results suggest that TELEMAC3D is capable of 
reproducing complex flow reasonably well with high grid 
resolution around the individual structure. However due to a 
lack of experimental data in the test domain, the accuracy of 
the numerical model is questionable. 
The main objective of the present work therefore is to use 
TELEMAC3D to simulate the flow around a circular 
cylinder at laboratory scale and, to examine potential factors 
that might influence the results. In this work, sensitivity 
simulations are performed using several 2-D horizontal mesh 
sizes and number of vertical layers. The model is tested in 
both smooth and rough bed conditions and turbulence is 
modeled by the LES closure. In the end the numerical results 
are benchmarked with the experiment made by Roulund et al. 
[1]. 
II. NUMERICAL METHOD 
A.  Governing equations 
An open source, TELEMAC3D, was used to simulate the 
flow around a circular cylinder. TELEMAC3D is a three-
dimensional computational code describing the 3D velocity 
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field (u, v, w) and the water depth h (and, from the bottom 
depth, the free surface S) at each time step. In this work the 
hydrostatic approximation is used at laboratory scale, as it is 
going be used later at field scale, because the simulations 
would be too computationally demanding otherwise. 
B. Turbulence models 
In this study, the LES closure with Smagorinsky sub-grid 
scheme has been selected as the turbulence model for the 
horizontal directions. Smagorinski [5]’s idea is to add to the 
molecular viscosity a turbulent viscosity deduced from a 
mixing length model. This mixing length corresponds to the 
size of the vortices smaller than that of the mesh size.  
         √        
where    is a dimensionless coefficient to be calibrated and ∆ is the mesh size derived in 2D or 3D from the surface 
or from the volume of the element. The values of    is set to 
0.1 for canal condition. 
A mixing-length model is used as the turbulence model 
for the vertical direction. This model, proposed by [6] gives 
the value of the viscosity coefficient as: 
       √        
where     is the strain rate tensor of average motion, with: 
       (   ̅̅ ̅       ̅̅̅̅   )    is the “mixing length” parameter equal to kz at a 
distance z from the wall, and k=0.41 (von Karman constant), 
till the size of eddies is no longer influenced by the bottom 
and remains constant. 
The velocity profile can be influenced by the boundary 
layer which is above the bottom or in the vicinity of walls. 
The important parameters are the shear velocity, defined by           and the dimensionless distance to the wall or 
bottom        , where y is the distance to the wall or 
bottom. In this study, the average    on the bottom and wall 
are 130 and 240 respectively, which stats that boundary 
layers are in the logarithmic range. In this condition, the 
turbulent viscosity is then written as        . The velocity 
profile takes the following form: 
For hydraulically smooth flow: 
 
        ቀ    ቁ       
For hydraulically rough flow: 
 
        ቀ     ቁ      ቀ    ቁ       
where k =0.41 (von Karman constant) and    is the 
roughness size. 
 
C. Boundary conditions 
The boundaries of the computational domain include 
inlet, outlet and walls. 
1) Inlet: At the inlet, flow rate Q was specified. The 
value of Q was calculated by the horizontal velocity, which 
following similar flow settings in the Roulund’s experiment. 
2) Outlet: At the outlet, prescribed elevations was given. 
3) Walls: The walls of flume and pile were set as solid 
wall. Sidewall friction was not applied in this study, 
therefore all walls are smooth. For bottom, both smooth bed 
and rough bed conditions are considered. 
D. Computational mesh 
The computational mesh was generated by software 
Bluekenue. Following the experimental setup in Roulund et 
al. [1], the simulation domain as shown in Fig. 1 is set to be 
50 m long by 4 m wide. The bed is assumed to be flat with a 
constant depth of 0.54 m. A cylinder with diameter of 0.53 m 
is placed at 13 m downstream of the inlet. An initial mesh, 
called mesh1 is generated using 47,546 triangle elements in 
the 2-D horizontal plane and 20 non-equally distributed 
vertical layers across the water depth. Subsequently, mesh2 
and mesh3 are obtained by refining mesh1 up to 91,628 
elements and 282,740 elements separately in 2-D by mesh 
multiplication.  
 
Figure 1.  Geometry of the computed domain 
E. Model setup 
Two conditions from the experiment in [1] are used for 
the model testing, one for a smooth bed and the other for a 
rough bed. In both cases, the simulations are carried out at 
Re=1.7×105, with inlet velocity U = 0.326 m/s. The time step 
of 0.01 s is chosen to keep the maximum Courant number 
below 0.8. The Courant number is defined as (6) 
         
where U is the depth-mean flow velocity and    is the 
smallest mesh size. 
In rough bed simulations, the bottom friction was 
modelled by Nikuradse law and the friction coefficient ks is 
set to 0.01. 
III. MODEL RESULTS 
To test the model’s sensitivity to the mesh resolution, 
computations have been performed with three different size 
meshes, i.e. mesh1 has 47,546 2-D triangular elements, 
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mesh2 91,628 2-D triangular elements and mesh3 282,740 2-
D triangular elements. All three meshes deal with 20 
horizontal layers unevenly distributed. 
A. Mean velocity analysis (smooth bed) 
 
Figure 2.  Instantaneous velocity field around a circular pile in a flume 
(smooth bed test). a) mesh1, b) mesh2, c) mesh3 
The images in Fig. 2 illustrate the instantaneous velocity 
distribution around a circular pile for the smooth bed test 
using three different meshes. In all three test cases, similar 
flow patterns can be found with a decrease in velocity in the 
wake of the pile and flow acceleration at the side of the pile. 
However it is obvious that the wake obtained by mesh1 is 
much longer than the wake in mesh3. The wake in mesh2 is 
about half of mesh3 wake length. The vortex shedding is 
clearly noticeable in both mesh2 and mesh3 results, although 
the vortex size seems much smaller in mesh3. 
In order to get details of the mean flow, the instantaneous 
velocities are averaged over 10,000 time steps after ensuring 
flow development.  
 
Figure 3.  Mean horizontal velocity component obtained by LES using 
different mesh size (smooth bed test) 
Fig. 3 compares the mean horizontal velocity profiles 
over the central cross section with different mesh sizes for 
the smooth bed test. The red dots denote the experimental 
data obtained by Roulound et al. [1]. Black, red and blue 
curve represent the numerical results obtained from mesh1, 
mesh2 and mesh3 respectively. It is clear that, the three 
computed velocity profiles in front of the circular cylinder 
show a very good agreement with experimental data. Flow 
speed reduced from 0.36 m/s at inlet boundary to 0 m/s at the 
cylinder wall. However, in the wake area behind the structure 
the 3 cases clearly deviate from each other. Although the 
three results all show flow recovery, the length of the 
recovery is very different.   
 
Figure 4.  Mean horizontal velocity in the plane of symmetry at different 
distances from the bed. Smooth rigid bed with mesh3 
Fig. 4 compares the computed mean horizontal velocity 
distributions with experimental data for different layers for 
mesh3 case for the smooth bed condition. Generally, the 
velocity profile in front of cylinder shows a good agreement 
in comparison with the experimental data. Small deviations 
can be found in the area which is close to the structure. At the 
layer Z=-0.44 m, the flow velocity decreases slightly faster 
than for the experimental data. At the layer Z=-0.49 m , the 
minimum flow speed in experiment is around 0 m/s, however 
in the numerical models, velocities reduce to negative values 
first and then recover to 0 m/s at the wall of the cylinder. At 
the layers Z= -0.52 m and -0.53 m, negative velocities are 
both found in numerical and experimental data.  In the wake 
part, at the layer Z= -0.34 m the minimum flow velocity of 
numerical model doesn't reach to the peak of experimental 
data. At the layer Z= -0.44 m the minimum flow velocity of 
numerical model is close to the peak of experimental data but 
small difference can still be found. At the layers Z= -0.49 m, 
-0.52 m and -0.53 m, the minimum flow velocity of the 
numerical model is over- predicted. Although in the wake 
part the length the of wake is over-estimated, the tendency of 
the flow recovery behind the structure still shows a 
reasonable agreement. At the layer Z = = -0.34 m, -0.44 m 
and -0.49 m, both numerical model and experimental data 
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show a down and up trend. At the layer Z = -0.52 m and 0.53 
m, experimental data shows a significant feature that flow 
velocity slightly increases before reducing to negative values, 
then recover to outlet speed, which is represented by 
numerical model. 
The type and size of elements used for mesh3 are 
definitely required to get a good description of the flow and 
even using TELEMAC3D in hydrostatic mode shows very 
good results in this case compared to the experiment. 
B. Mean velocity analysis (rough bed) 
An analysis is now conducted when a rough bed is used. 
 
 
 
 
 
 
Figure 5.  Mean horizontal velocity in the plane of symmetry at different 
distances from the bed. Rough rigid bed with mesh3 
Fig. 5 shows mean horizontal velocity distributions 
obtained for a rough bed test using mesh3 2-D triangular 
element distribution with several vertical layer distributions. 
The mean velocity profile in front of the cylinder shows a 
good agreement with the experimental data, which is also 
observed for the smooth bed test case. However in layers Z = 
-0.517 m and -0.527 m, the mean velocities are slightly 
under-estimated by numerical model. In the wake part, the 
minimum mean velocities are close to the peak of the 
experimental data, but the wake length is still over-predicted. 
In the numerical models, it takes longer for the flow to 
recover to the previous flow. The difference in wake length 
between numerical model and experimental data reduces 
from the surface layer to the bottom layer and a much closer 
agreement can be found between the model prediction and 
laboratory data. 
C. Strouhal number (smooth bed) 
As the flow is oscillatory, it is also crucial to know if its 
period is well predicted by TELEMAC3D. 
 
Figure 6.   Time evolutions of the instantaneous depth-averaged velocity at 
point A (x=2, y=0.5D), obtained by smooth bed test with mesh3 
Fig. 6 represents the time evolutions of the instantaneous 
depth-averaged velocity at point A, which is located at (2.0, 
0.5D). Strong fluctuating velocities can be found in the test 
with mesh3. 
 
Figure 7.  Strouhal number with different mesh size, obtained by smooth 
bed test 
Fig. 7 compares the Strouhal number (St) for the three 
different mesh sizes based on the smooth bed tests. The 
Strouhal number (St) represents a normalised value of 
shedding frequency (see 5), where f is the shedding 
frequency in Hz, D is hydraulic diameter and U is the depth-
mean flow velocity. 
        
In this study, time step is set to 0.01 s and print-out period 
is set to 100 time steps. Therefore,  1 Hz is taken into 
consideration when calculating the shedding frequency. 
Z=-0.047 
Z=-0.247 
Z=-0.447 
Z=-0.517 
Z=-0.527 
Mesh_1 
Mesh_2 
Mesh_3 
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Comparisons for the Strouhal number were not available 
for the exact same flow as aforementioned. However, 
Stringer et al. [7] compared the Strouhal number at different 
Reynolds numbers ranking from 40 to 106 for the flow 
around an infinite cylinder (different from the current 
configuration which is similar to a flow around a cantilever). 
According to their study, St should be of the order of 0.25 at 
Re =1.8×105. The Strouhal number in the current study 
varies from 0.165 to 0.237 for the largest mesh. In 
consideration of numerical error, the finest mesh shows a 
good agreement oofvortex shedding frequency and 
Richardson extrapolation would exhibit a Strouhal number of 
about 0.29, which is close to what Stringer et al. observed. 
IV. CONCLUSIONS - PERSPECTIVES 
In this study, TELEMAC3D is used to simulate the flow 
around a circular cylinder in laboratory scale using the 
hydrostatic approach. Running ocean model at such a small 
scale is challenging. In this particular test case, it is found 
that the TELEMAC3D can be used in laboratory scale 
simulations. It performs well when simulating steady flows, 
such as the flow at the front of the structure. In complex flow 
conditions, although TELEMAC3D cannot reach the same 
accuracy as CFD solver does, it can still catch and represent 
the flow’s key features. Vortex shedding frequency can be 
simulated properly by very fine mesh. 
The turbulence coefficient of LES closure in 
TELEMAC3D is linked to the area of each triangle cell. 
Therefore mesh size of model domain affects the accuracy of 
simulations. According to the comparison, it is clear that the 
finest mesh gives a better agreement of the model with 
experiment data. Mesh size does affect the numerical error in 
simulations, but it does not affect the whole velocity trend. In 
consideration that TELEMAC3D is normally used in 
engineering applications, the accuracy of this model is more 
than acceptable. 
This work gives us experience and confidence to build 
good meshes for offshore wind farms, with extra refinement 
in the mean direction of the flow, both before and past each 
of the monopiles. 
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